Aims The aim of the study was to determine the epidemiology of out-of-hospital cardiac arrests of non-cardiac origin and survival following resuscitation, using the Utstein method of data collection.
Introduction
The majority of out-of-hospital cardiac arrest studies have been focused on cardiac arrests of cardiac origin. Cardiac arrests of non-cardiac origin can comprise up to 30% of the total cardiac arrest population 1 ' 1 , thus occupying much of the emergency care resources. Obvious non-cardiac cases have usually been excluded from further studies, supposedly because of worse prognosis associated with resuscitation in such cases. However, since the introduction of the Utstein method of data collection in the early 1990s there has been comprehensive and uniform reporting of epidemiological and survival studies 121 . The aim of this study was to use the Utstein data collection method to report the Revision submitted 20 August 1996 and accepted 21 August 1996.
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Methods

Helsinki Emergency Medical Services (EMS) System
Helsinki, the capital city of Finland with a population of 525 000 inhabitants, is served by a single three-tiered EMS system responsible for urgent calls. The first tier consists of seven ambulances and eight fire engines (used as first responding units) staffed with emergency medical technicians capable of defibrillation. Three advanced life support units, manned with emergency medical technicians with advanced life support training, make 
Out-of-hospita! cardiac arrests 1123
Data collection
The study plan was approved by the Ethics Committee of the City Health Department. All out-of-hospital cardiac arrests of non-cardiac origin within the city limits with no irreversible signs of death, were included in the study between 1 January 1994 and 31 December 1995. Data were prospectively collected according to the Utstein method. The mobile intensive care unit physician on duty filled in a special study form during each event which was checked next weekday by the investigators. The non-cardiac aetiology of cardiac arrest was verified from autopsy reports and/or hospital files (CT scans, blood analysis) by the investigators. If the clinical suspicion of non-cardiac aetiology could not be verified by relevant data, the case was classified as cardiac. The times for the arrival of a first responding unit, the arrival of an advanced life support unit and the arrival of the mobile intensive care unit at the patient's side, as well as the time for the return of spontaneous circulation, were registered. The moment of call receipt was registered as time zero, whereas in the Utstein recommendations time zero begins at the time of collapse. We chose to use the time of call receipt as time zero because it is the only initial time point which can be registered with the accuracy of seconds. This modification has recently been published and discussed' 4 '. All data were saved into a special computer file (StatView 4.0 Macintosh).
Outcome tracking
The endpoints of the study were death or survival to discharge. Data were obtained from hospital records by the investigator. The quality of secondary survival at the time of discharge was measured by overall performance category' 2 '.
Statistical methods
Statistical analysis, which concentrated on finding factors related to survival, was performed by a statistician. Exact chi-square test (non-parametric data) and Student's t-test (parametric data) were utilized in univariate analysis and stepwise logistic regression model in multivariate analysis 
Results
Of the 809 consecutive patients on whom resuscitation was considered, 276 (34-1%) had a cardiac arrest of verified non-cardiac origin. All patients were followed up until death, discharge home or to a rehabilitation centre, or transfer to a chronic care facility. The incidence of sudden out-of-hospital cardiac arrest of non-cardiac origin was 26/100 000 inhabitants/year, and 20/100 000 inhabitants/year when trauma cases were excluded. The total number of deaths from all causes in the community was 1012/100 000 inhabitants/year. The mean (SD) age of the patients was 49-8 (20-9) years, ranging from one month to 96 years. One hundred and seventy-eight (64-5%) were male. Eleven (40%) patients were under the age of 16 years.
Resuscitation was attempted in 204 cases, 95 (46-6%) of whom achieved return of spontaneous circulation, 82 (40-2%) were hospitalized alive and 23 (11-3%) were hopsitalized and discharged. When resuscitation was attempted in bystander-witnessed arrest, the survival rate was 15/96 (15-6%); the corresponding figures in unwitnessed and EMS-witnessed cardiac arrests were 6/68 (8-8%) and 2/40 (50%). Survival according to the aetiology and the initial rhythm is shown in Table 1 . The mean age of the survivors was 42-7 years. Of the 23 survivors, 11 were discharged home, three to a rehabilitation centre and nine to a chronic care facility. Two of the patients discharged to a chronic care facility had severe pre-arrest disability. The overall performance category at discharge was I in ten cases, II in three cases, III in nine cases and IV in one case. Survivors of cardiac Eur Heart J, Vol. 18, July 1997 arrest of non-cardiac origin comprised 19-2% of all 120 out-of-hospital cardiac arrest survivors during the study period. Figures 1 and 2 show the cardiac arrests placed into,the Utstein template. In multivariate analysis (logistic regression model) independent factors of survival were the 7 min or more time interval to the first responding unit (median value 7 min was considered as cut off point) (OR 016, 95% CI 004-0-76), collapse at home (OR 0-17, 95% Cl 003-0-90), collapse as a result of intoxication (OR 8-38% 95% CI 1 15-610), near drowning (OR 27-5, 95% CI 3-38-231), airway obstruction (OR 13-7, 95% CI 1-20-156), or convulsions (OR 145, 95% CI 7-45-999). Table 2 shows the results of univariate analysis.
Detailed aetiology is present in Table 3 . External causes were responsible for 147 (53-3%) and internal causes for 129 (46-7%) cases. Survival rates for internal and external aetiologies were 5-3% and 18-7%, respectively. Preceding symptoms were registered in 60 (46-5%) cases with internal cause. The most common preceding symptoms were dyspnoea (21 cases), convulsions (eight cases), vomiting (seven cases), abdominal pain (seven cases), deterioration of consciousness (five cases) and back pain (three cases). When the out-of-hospital diagnoses were compared with the final diagnoses, the diagnosis was accurate in 176 cases (63-8%). In the remaining cases, the non-cardiac aetiology of cardiac arrest was only revealed after in-hospital investigations or autopsy (Table 3) .
5-4% (15 cases) of all 276 patients presented with ventricular fibrillation as the initial rhythm, 620% (171 cases) with asystole, 31-5% (87 cases) with pulseless electrical activity, and the initial rhythm was not available in three cases. None of the patients was found in ventricular tachycardia. The collapse was bystanderwitnessed in 131 (47-5%), unwitnessed in 97 (351%) and EMS witnessed in 48 (17-4%) cases. One hundred and forty-five (52-5%) patients collapsed at home, four (1-5%) at work, 113 (40-9%) in a public place and 14 (51%) in a care facility. Forty-seven (17-0%) receivedbystander initiated cardiopulmonary resuscitation, eight of whom survived.
The mean (SD) time intervals from the call receipt for the first responding unit and advanced life support unit or mobile intensive care unit to arrive at the patient's side were 8-8 (5-6) and 12-9 (7-9) min, respectively, and to return of spontaneous circulation 21 -2 (100) min.
By the decision of the physician on duty, resuscitation was not attempted in 72 (26-1%) patients. The mean age of these patients was 45-8 years (,P=0054). The causes of the do-not-resuscitate decision were severe trauma in 47, long collapse-to-call interval (unwitnessed collapse) in 13, incurable illness in 11 and acknowledgement of a living will in one case.
Discussion
Survival from out-of-hospital cardiac arrest of noncardiac origin (11-3% in attempted resuscitations) was expectedly lower than reported survival rates in cardiac Eur Heart J, Vol. 18, July 1997 arrests of cardiac origin'
51
, but not as poor as generally believed. Survival was more likely when the cause of arrest was external (18-7%) compared to internal (5-3%). The survivors comprised one fifth of all out-of-hospital cardiac arrest survivors, which is a markedly higher proportion than reported previously (Table 4) . Neurological sequelae in survivors were common and only 43% were discharged with overall performance category I. The high prevalence of neurological deficits may be related to the higher proportion of unwitnessed collapses, and thereby the longer intervals between collapse and the start of cardiopulmonary resuscitation. However, neurological sequelae have commonly also been reported in survivors after ventricular fibrillation' 61 .
Factors contributing to survival after out-ofhospital cardiac arrest of non-cardiac origin have not been investigated previously. Initial rhythm of ventricular fibrillation, bystander-witnessed arrest, bystanderinitiated cardiopulmonary resuscitation and short time intervals are factors which are associated with survival in cardiac arrest of cardiac origin'
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. Of those factors, only short time intervals were significant in non-cardiac origin. Instead, survival was associated with aetiology and the scene where collapse occurred-.
The proportion (34 1%) of cardiac arrests of non-cardiac origin was higher than previously reported ( Table 4 ). Internal causes were almost as common as external ones. The four leading internal causes were non-traumatic bleeding, pulmonary embolism, malignancy and intracranial processes. Of external causes, trauma, intoxication, near-drowning and choking were the most common aetiologies. The proportion of traumatic cardiac arrests was relatively low, as high energy traffic accidents and gunshot and stabbing injuries, which are atypical of many EMS systems, are relatively rare in Helsinki. When cardiac arrest was caused by trauma, non-traumatic bleeding (aortic rupture or gastrointestinal bleeding), intracranial processes, malignancy, sudden infant death syndrome, pancreatitis or carbon monoxide intoxication none of the patients survived.
If the determination of aetiology had only been based on clinical suspicion, over one third of cases with non-cardiac aetiology would have been missed. It seems that the proportion of cardiac arrests of noncardiac origin increases parallel to the increasing autopsy frequency. Therefore, reliable data can be obtained only when every patient who does not survive after attempted resuscitation, is autopsied, and when EMS data collectors have access to autopsy data. Silfvast showed that clinical suspicion alone is unreliable in determining the aetiology of sudden out-of-hospital death 181 . Only 5-4% of patients presented with ventricular fibrillation, the majority of all patients being in asystole. Of the non-traumatic bleeding and intracranial processes, pulseless electrical activity was the most common initial rhythm. Herlitz et al. found that 27% patients found in asystole' 91 and 24% found in pulseless electrical activity' 101 suffered from cardiac arrest of non-cardiac origin. A link between non-cardiac aetiology and initial rhythm other than ventricular fibrillation has been reported previously' 1 ''. Survival rates in patients found in asystole were higher compared to cardiac aetiology, lower for ventricular fibrillation and at the same level for pulseless electrical activity' 4 '.
Non-cardiac aetiology has been associated with lower frequency of bystander cardiopulmonary resuscitation' 12 '. The same trend was noted in this EMS system' 4 '. Although, the overall bystander cardiopulmonary resuscitation frequency in this study was lower than in most developed EMS systems, we found that bystander cardiopulmonary resuscitation was not associated with survival. Possibly it is most effective in arrests of cardiac aetiology, in maintaining the heart in ventricular fibrillation until defibrillation can be accomplished' 1314 '. However, due to the low sample size we cannot say whether bystander cardiopulmonary resuscitation is a prognostic factor or not. The low sample size may also limit interpretation of some of the other data presented in this study.
Although the Utstein method of data collection was applicable for collecting data on out-of-hospital cardiac arrests of non-cardiac origin, the use of subgroup templates was necessary. The commonness and heterogeneity of non-cardiac aetiology and the consequent variation in survival should be considered when making improvements in the Utstein recommendations. A diagnosis of non-cardiac aetiology should not be considered adequate in future without a more detailed description. In our opinion, the minimum requirement should be that the reader differentiates between trauma, external aetiology other than trauma and internal aetiology.
In patients surviving cardiac arrest of cardiac origin, the presenting features and factors influencing survival are different from those of non-cardiac origin. Patients are usually younger, are seldom found in ventricular fibrillation, and survival depends less on bystander cardiopulmonary resuscitation or initial rhythm than the aetiology. Prevention and treatment of coronary heart disease (and acute myocardial infarction) and implantation of automatic cardioverter defibrillators are identified as possible preventive measures for sudden cardiac death' 15 '. Because in the case of non-cardiac origin there are few community-based interventions to apply (e.g. trauma and near-drowning prevention and the detection of suicidal tendencies in depressive patients), the emphasis remains in the control of cardiac arrest once it has occurred. When internal causes are considered, the emphasis should be on recognizing warning signs (especially dyspnoea) before the cardiac arrest occurs because survival rates after resuscitation are particularly poor in these cases. However, in the future, thrombolytic agents administered on a clinical basis during resuscitation may improve survival in patients presenting with classical symptoms of massive pulmonary embolism' 16 '.
Conclusions
Non-cardiac causes comprise a remarkable proportion of all out-of-hospital cardiac arrests. Classification of cardiac arrests as non-cardiac into cardiac arrest registers should be based on relevant data, as the cause can often be determined only after in-hospital investigations or autopsy. Survival is less likely then from cardiac arrest of cardiac origin, and factors associated with survival are different. However, the survivors can number up to one fifth of all survivors after out-ofhospital cardiac arrest and the majority are discharged without major neurological sequelae.
